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(57) ABSTRACT

A first electrode layer having protrusions and depressions on
its surface are formed on a lower msulating layer on a semi-
conductor substrate, and a sacrificial layer 1s formed on the
first electrode layer with a material that 1s reflowable when
heated. After reflowing the sacrificial layer by heat treatment,
the reflowed sacrificial layer and first electrode layer are
ctched so that the protrusions of the first electrode layer are
curved, and a dielectric layer and a second electrode layer are
sequentially formed on the first electrode layer. When manu-
factured using the above method, a thin film capacitor may
have higher capacitance without increasing the area of the
electrode.

15 Claims, 6 Drawing Sheets
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METHOD OF MANUFACTURING THIN FILM
CAPACITOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of

Korean Patent Application 10-2004-0041323 filed in the
Korean Intellectual Property Office on Jun. 07, 2004, the
entire content ol which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method of manufacturing,
a semiconductor device. More particularly, the present inven-
tion relates to a method of manufacturing a thin film capacitor
having a metal-insulator-metal (MIM) structure.

(b) Description of the Related Art

Recently, 1n the field of high-speed analog circuitry, semi-
conductor devices for making a capacitor with high capaci-
tance have been under development. Generally, when a
capacitor has a PIP structure (where a polysilicon layer, an
insulator layer, and a polysilicon layer are deposited), there 1s
a disadvantage that, as the upper electrode and the lower
clectrode use conductive polysilicon, a natural oxide may be
tformed by oxidation at the interfaces between the electrodes
and a dielectric thin film. Thus, total capacitance of the PIP
device may be reduced.

To overcome this disadvantage, the structure of a capacitor
has been changed to a metal-insulator-silicon (MIS) structure
or a metal-insulator-metal (MIM) structure. Since an MIM
capacitor has relatively low resistivity and no inner parasitic
capacitance due to depletion therein, 1t 1s mainly used 1n high
performance semiconductor devices.

FIG. 1 1s a sectional view of a conventional thin film
capacitor having an MIM structure. As shown 1n FIG. 1, this
conventional thin film capacitor has a lower electrode 3
formed on a lower isulating layer 2 which 1s formed on a
semiconductor substrate 1. In addition, an anti-reflective
coating 4 1s formed on the lower electrode 3, and a dielectric
layer 5 and upper electrode 6 are sequentially formed on the
anti-reflective coating 4. Here, the lower electrode 3 corre-
sponds to a first electrode layer of the MIM capacitor, and the
upper electrode 6 corresponds to a second electrode layer
thereof.

In such a conventional MIM capacitor, the capacitance
thereot depends 1n significant part on, €.g., an area of the
upper electrode 6. Accordingly, to achieve high capacitance
of an MIM device, the area of the electrode should be
increased. However, 1n this case, 1t 1s difficult to achieve a
highly integrated device (e.g., increasing the area of the MIM
device reduces the number of devices per unit area).

In addition, manufacturing such an MIM device may be
problematic. For example, a short circuit may be caused when
the dielectric layer 5 1s etched. In some cases, the lower
clectrode 3 may be etched together with the dielectric layer 5
and then re-deposited to sidewalls of the dielectric layer 5 and
the upper electrode 6 ( phenomenon sometimes known as
“back sputtering”).

In addition, the capacitor characteristics may be deterio-
rated due to fringe (or parasitic) capacitance at the sidewalls
of a conventional MIM capacitor, particularly as the height-
to-width ration of the electrodes 1n such capacitors increases.

The mnformation disclosed 1n this Background of the Inven-
tion section 1s only for enhancement of understanding of the
background of the mnvention and therefore, unless explicitly
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2

described to the contrary, it should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms prior art that 1s already known 1n this country to
a person ol ordinary skill in the art.

SUMMARY OF THE INVENTION

The present invention has been made 1n an effort to provide
a method for manufacturing a thin film capacitor that is
advantageous for higher integration of a device by increasing
the capacitance without increasing an area of the electrode.

According to the present invention, short circuits possible
using the conventional approach may be reduced or pre-
vented, and capacitor characteristics (e.g., device capaci-
tance) may be improved relative to the conventional MIM
capacitor discussed above.

An exemplary method of manufacturing a thin film capaci-
tor according to an embodiment of the present invention
includes forming a first electrode layer having protrusions
and depressions on 1ts surface, forming a sacrificial layer on
the first electrode layer with a maternal that can be reflowed by
heat, reflowing the sacrificial layer by heat treatment, etching
the reflowed sacrificial layer and first electrode layer so that
the protrusions of the first electrode layer are curved, and
sequentially forming a dielectric layer and a second electrode
layer on the first electrode layer. Generally, the first electrode
layer 1s on a lower insulating layer which 1s, 1n turn, on a
semiconductor substrate

A photoresist may be used as the sacrificial layer, and the
heat treatment may be performed at a temperature of 150-
300° C.

The etching may be performed such that an etch rate of the
sacrificial layer and the first electrode layer 1s the same.

In one embodiment, etching may comprise plasma etching,
at a pressure of 8-13 mTorr, a source power of 900-1200 W, a
bias power o1 140-200 W, a flow rate of Cl, gas of 60-90 sccm,
a flow rate of BCl, gas o1 40-70 sccm, a flow rate of Ar gas of
30-30 sccm, and a flow rate of CHF, gas of 2-5 sccm.

The first electrode layer may be formed by forming (e.g.,
depositing) a thickness of the first electrode layer on the lower
insulating layer, and selectively etching portions of the first
clectrode to form protrusions and depressions thereon to a
depth less than the thickness of the first electrode layer.

In a further embodiment, the method of forming the first
clectrode layer may include sequentially forming a lower first
clectrode layer and an upper first electrode layer on the semi-
conductor substrate, and selectively etching portions of the
upper first electrode layer until portions of the lower first
clectrode layer 1s exposed, such that the non-etched portions
of the upper first electrode layer protrude from a non-exposed
areas of the lower first electrode layer.

Furthermore, after the lower layer 1s formed, a liner metal
layer may be formed on the lower first electrode layer and the
lower insulating layer, and the upper first electrode layer may
be formed on the liner metal layer.

The first electrode layer may comprise a first metal, metal
alloy or conductive metal compound (e.g., a material selected
from Al, Cu, W, T1, and TiN).

The dielectric layer may comprise an oxide nsulator (e.g.,
a matenial selected from T10,, Al,O,, and SiN), and may be
deposited conformally onto the curved first electrode (e.g., 1t
may be formed 1n a manner reflecting, reproducing or retain-
ing the surface shape of the first electrode layer).

The second electrode layer may comprise a second metal,
metal alloy or conductive metal compound (e.g., a material
selected from Ru, Pt, and TiN), and it may also be deposited
conformally onto the dielectric layer (e.g., 1t may be formed
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in a manner retlecting, reproducing or retaining the surface
shape of the layer dielectric layer).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a configuration of a conven-
tional thin film capacitor,

FIG. 2A to FIG. 2F are sectional views of a method of
manufacturing a thin film capacitor according to a first
embodiment of the present invention, and

FIG. 3A to FIG. 3F are sectional views of a method of
manufacturing a thin film capacitor according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment of the present mvention will
be described in detail with reference to the accompanying,
drawings.

FIG. 2F describes a thin film capacitor manufactured by a
method according to a first embodiment of the present inven-
tion, and FIG. 3F describes a thin film capacitor manufactured
by a method according to a second embodiment of the present
invention.

As shown 1n these drawings, thin film capacitors are gen-
erally on lower insulating layers 20 and 120, which are, 1n
turn, on or over semiconductor substrates 10 and 110. The
semiconductor substrates 10 and 110 may include other struc-
tures formed thereon. The structures may include individual
devices (e.g., transistors, resistors, diodes, etc.). Furthermore,
the MIM present capacitor 1s generally in a metallization
layer that 1s on or over the polysilicon layer of such individual
devices.

First electrode layers having protrusions and depressions
on their surfaces are formed on the lower insulating layers 20
and 120, wherein the protrusions generally have a curved
shape. Referring now to FIG. 2F, according to a first embodi-
ment of the present invention, the first electrode layer may
include a lower layer 30 having a flat upper surface, and an
upper layer 60 projecting from parts of the upper surface of
the lower layer 30 to form protrusions thereon. In this case,
surfaces of the upper and lower layers 60 and 30 are curved;
¢.g., boundary regions or interfaces between respective upper
surfaces and sidewalls are rounded. A liner metal layer 50
may be between the lower layer 30 and the upper layer 60. The
liner metal layer 50 preferably comprises a metal having a
different etch rate or selectivity from the lower layer 30 and
the upper layer 60.

Referring now to FIG. 3F, i a second embodiment of the
present mvention, a first electrode layer 130 1s unitary, and
protrusions and depressions are on its surface, which are
generally curved.

In the protrusions and depressions of the first electrode
layer (e.g., including the lower and upper layers 30 and 60 1n
the first embodiment of FIG. 2F and/or the first electrode
layer 130 of the second embodiment of FIG. 3F, widths of the
depressions generally increase farther from the semiconduc-
tor substrate (e.g., the depressions have a width that generally
decreases as a function of depression depth). Also, the first
clectrode layers may comprise a material selected from the

group consisting of Al, Cu, an Al alloy (e.g., Al with up to 4
wt. % Cu), W, T1, TiW alloy (e.g., about 30 mol % T1 and about

70 mol % W), Ta, TaN, Hi, and TiN (preferably Al, Cu, W, Ti,
and TiN).

Dielectric layers 90 and 150 are generally on the respective
first electrode layers, and form the curved exterior shape
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thereof. The dielectric layers 90 and 150 may comprise a
material selected from the group consisting of S10,, S10,
doped with B (e.g., 1-5 wt. %) and/or P (e.g., 1-10 wt. %),
T10,, Al,O,, and SiN. Preferably, dielectric layer 90 or 150
comprises 110, Al,O,, or S1N.

Second electrode layers 100 and 160 are generally on the
dielectric layers 90 and 150. Thus, an MIM thin film capacitor
generally comprises the first and second electrode layers and
the dielectric layer as described herein, where the first elec-
trode may have an upper surface with protrusions thereon
and/or depressions therein, and in which the protrusions and/
or depressions may have a curved shape. The second elec-
trode layers 100 and 160 may comprise a material selected
from the group consisting of W, T1W alloy (as described
above), Ru, Pt, and TiN (pretferably Ru, Pt, and TiN), and may
have substantially the same (or substantially complementary,
if the second electrode layer fills the depressions in the first
clectrode layer and has a substantially flat upper surtace, e.g.,
resulting from a planarization technique such as CMP) shapes
of protrusions and depressions as the first electrode layer.

Heremaiter, a method of manufacturing the above-de-
scribed thin film capacitor according to an embodiment of the
present invention will be described 1n detail.

FIG. 2A to FIG. 2F are sectional views illustrating a thin
film capacitor manufacturing method according to a first
embodiment of the present invention, which will be herein-
alter described 1n detail with reference thereto.

Firstly, as shown in FIG. 2A, by performing a conventional
semiconductor device process on a semiconductor substrate,
a semiconductor substrate structure 10 may contain 1ndi-
vidual devices, and a lower insulating layer 20 comprising an
oxide such as PSG may be formed on the structure of the
semiconductor substrate 10 (e.g., by blanket deposition).
Then, the lower 1nsulating layer 20 1s generally planarized
(e.g., by chemical mechanical polishing).

Subsequently, a lower layer 30, which 1s one layer of the
first electrode layer, 1s formed on the lower insulating layer 20
(e.g., by a blanket deposition technique, such as sputtering or
CVD) and 1s then patterned to have a predetermined width.
An anti-reflective coating 40 may be formed on the lower
layer 30 (e.g., by deposition), generally prior to patterning.
The anti-reflective coating 40 generally comprises a conduc-
tive material that has antireflective properties (e.g., T1, TiN,
T1W alloy, etc.). It 1s preferable to form a liner metal layer 50
(refer to FIG. 2B) having a different etch selectivity from both
the lower layer 30 and an upper layer 60 (which 1s formed in
a later process) so as to act as an etch stop layer

As shown in FIG. 2B, a liner metal layer 50 may be formed
on the anti-reflective coating 40, the lower layer 30, and the
lower 1nsulating layer 20 (generally by a blanket deposition
technique, such as sputtering or CVD). Then an upper layer
60, which 1s an additional layer that forms the protrusions of
the first electrode layer, 1s formed on the liner metal layer 50.
The upper layer 60 and the lower layer 30 may comprise a
conductive material such as those described above (e.g.,
selected from the group consisting of Al, Cu, W, T1, and TiN).
Subsequently, a photoresist pattern 75 for a patterning pro-
cess 1s formed on the upper layer 60 (e.g., by conventional
photolithography).

Next, as shown 1n FIG. 2C, the upper layer 60 and the liner
metal layer 50 are etched using the photoresist pattern 75 as a
mask, so as to have a predetermined width. The anti-retlective
coating 40 may be chosen such that it has a low etch rate
relative to the etch rates of the upper layer 60 and the liner
metal layer 50, so that it functions as an etch stop for this
ctching step. In this manner, the upper layer 60 protrudes
from the upper surface of the lower layer 30. The combination
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ol the upper and lower first electrode layers 60 and 30 may be
configured as the first electrode layer of the present MIM
capacitor structure. According to this configuration, the upper
layer 60 corresponds to protrusions on the upper surface of
the first electrode layer.

Subsequently, a sacrificial layer 80 which can be reflowed
by heat 1s formed on the entire upper surfaces of the lower
insulating layer 20 and the upper and lower first electrode
layers 60 and 30, so as to enable the protrusions of the first
clectrode layer to be curved. The sacrificial layer 80 may
comprise, for example, a photoresist.

Next, as shown in FIG. 2D, the sacrificial layer 80 1s
reflowed by heat treatment. When the sacrificial layer 80
comprises a photoresist, for example, the heat treatment may
comprise heating at a temperature of 150-300° C. In the

reflow process, the surface energy of the sacrificial layer 80 1s
reduced, and thus a slope of the surface becomes more gentle.

Next, as shown 1n FIG. 2E, the upper layer 60, the lower
layer 30, and the retlowed sacrificial layer 80 are etched at
(substantially) the same etch rate (e.g., one or more etch
conditions are configured to provide substantially 1dentical
etch rates for the upper layer 60, the lower layer 30, and the
retflowed sacrificial layer 80). The etching may be performed
until the lower msulating layer 20 1s exposed.

For example, the etching may comprise plasma etching at
a pressure of 8-13 m'Torr, a source power of 900-1200 W, a
bias power o1 900-1200 W, a flow rate of a chlorine source gas
such as Cl, gas of 60-90 sccm, a tflow rate ot a boron source
gas such as BCl, gas 0140-70 sccm, a flow rate of a carrier gas
such as Ar gas of 30-50 sccm, and/or a tlow rate of a fluoro-
carbon gas suchas CH, V' (wherey =1 and x+y=4,e.g., CHF;
gas) ol 2-5 sccm. In this manner, the surface of the upper layer
60 1s generally curved, and thus, the spatial gaps in the upper
layer 60 (namely, the width of the depressions) tend to
increase the farther the distance from the semiconductor sub-
strate 10. In addition, shoulders of the lower layer 30 protrud-
ing from the lower insulating layer 20 (namely, a boundary
region between a top surface and a sidewall) may also be
curved.

Next, and continuing to refer to FI1G. 2E, a dielectric layer
90 1s formed (e.g., by conformal deposition) on or above the
entire area of the lower insulating layer 20 and the upper and
lower first electrode layers 60 and 30, so as to cover the upper
layer 60 and lower layer 30. On the dielectric layer 90, a
second electrode layer 100 1s formed. The dielectric layer 90
and the second electrode layer 100 are preferably formed on
the first electrode layer 70 with a uniform thickness, such that
the shapes of protrusions and depressions may be exteriorly
shown almost exactly as they have been formed in the first
clectrode.

On the other hand, FIG. 3A to FIG. 3F are sectional views
illustrating a thin film capacitor manufacturing method
according to a second embodiment of the present invention,
which will be hereinafter described 1n detail with reference
thereto.

Firstly, as shown 1n FIG. 3A, a lower imnsulating layer 120 1s
formed on a semiconductor substrate structure 110, 1n the
same manner as in the first embodiment of the present inven-
tion, and then the first electrode layer 130 1s formed on the
lower sulating layer 120. Subsequently, a photoresist pat-
tern 140 1s formed on the first electrode layer 130 to enable
formation of the protrusions and depressions.

Next, as shown in FIG. 3B, the exposed first electrode layer
130 1s etched to a certain depth, and then the photoresist
pattern 140 1s removed. The protrusions and depressions are
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ctched to a depth less than a thickness of the first electrode
layer 130 (e.g., from 25% to 75% of the first electrode layer
130).

Next, as shown in FI1G. 3C, asacrificial layer 145 which can
be reflowed by heat 1s formed on or above the entire upper
surface of the first electrode layer 130.

Next, as shown i FIG. 3D, the sacrificial layer 145 1s
reflowed by heat treatment.

Next, as shown 1n FIG. 3E, the sacrificial layer 145 and the
first electrode layer 130 are etched under conditions provid-
ing substantially the same etch rates (e.g., substantially 1den-
tical etch rates for the sacrificial layer 145 and the first elec-
trode layer 130), and thus the first electrode layer 130
generally has curved protrusions and/or depressions on 1ts
surtace.

Next, as shown i FIG. 3F, a dielectric layer 150 and a
second electrode layer 160 are formed on the first electrode
layer 130 (e.g., by a conformal deposition technique, such as
CVD), and thus a capacitor having an MIM structure 1s manu-
factured.

As described above, according to a thin film capacitor of an
MIM structure according to embodiments of the present
invention, capacitance can be increased using a lateral side of
the electrode, because the second electrode layer may cover
portions of lateral sides of the first electrode protrusions and/
or depressions, as well as the upper surface thereof. In addi-
tion, since the first electrode layer 1s generally curved and has
protrusions and depressions on 1ts surface, capacitance 1s
increased according to an increase of area. Accordingly, by
increasing the capacitance without increasing a width of the
clectrode, a thin film capacitor having high capacitance which
1s advantageous for higher integration may be achieved.

According to an embodiment of the present invention, a
material that 1s reflowable by heat treatment (for example, a
photoresist) 1s reflowed after coating on an electrode layer,
and then the retlowed photoresist and the electrode layer
thereunder are etched together such that the electrode layer
may have the same outline or profile as the reflowed photo-
resist. In such a manner, an exterior surface of the electrode
layer may be easily formed to have curved protrusions and
depressions.

According to the prior art, a short circuit may be problem-
atically caused since a lower electrode may be etched when
the dielectric layer when the dielectric layer 1s (over)etched,
and then re-deposited to sidewalls of the dielectric layer and
the upper electrode. However, the present invention reduces
or prevents such short circuaits.

In addition, the fringe (or side surface-based) capacitance
1s considered when designming the present capacitor, and
therefore deterioration of the characteristics of the capaci-
tance caused by fringe or sidewall capacitance may be pre-
vented.

In addition, the step coverage when depositing the dielec-
tric layer and the second electrode layer may be improved and
the manufacturing process stabilized, by forming a curved
upper surface on the first electrode layer and/or forming
depressions having a depression width (1.e., distance between
adjacent protrusions ) that increases the farther from the semi-
conductor substrate.

While this invention has been described 1n connection with
what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments, but, on the contrary, 1s
intended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.
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What 1s claimed 1s:
1. A method of manufacturing a thin film capacitor, com-
prising:
forming a first electrode layer having protrusions and
depressions on its surface, on a lower mnsulating layer on
a semiconductor substrate;
forming a sacrificial layer on the first electrode layer with
a material that 1s reflowable when heated;
reflowing the sacrificial layer by heat treatment;
etching the reflowed sacrificial layer and first electrode
layer so that the protrusions of the first electrode layer
are curved; and
sequentially forming a dielectric layer and a second elec-
trode layer on the first electrode layer.
2. The method of claim 1, wherein
the sacrificial layer comprises a photoresist, and
the heat treatment comprises heating at a temperature of
150-300° C.
3. The method of claim 1, wherein
the etching 1s performed such that the sacrificial layer and
the first electrode layer are etched at about the same etch
rate.
4. The method of claim 1, wherein
the etching comprises plasma etching at a pressure of 8-13
mTorr, a source power of 900-1200 W, a bias power of
140-200 W, a tflow rate of Cl, gas of 60-90sccm, a tlow
rate of BCl; gas of 40-70 sccm, a tlow rate of Ar gas of
30-50 sccm, and a flow rate of CHF, gas of 2-5 sccm.
5. The method of claim 3 wherein
the etching comprises plasma etching at a pressure of 8-13
mTorr, a source power of 900-1200 W, a bias power of
140-200 W, a flow rate of Cl, gas of 60-90 sccm, a flow
rate of BCl, gas of 40-70 sccm, a flow rate of Ar gas of
30-30 sccm, and a flow rate of CHF, gas of 2-5 sccm.
6. The method of claim 1, wherein forming the first elec-
trode layer comprises:
forming the first electrode layer on the lower insulating
layer such that the first electrode layer has a thickness;
and
selectively etching portions of the first electrode to form
protrusions and depressions thereon to a depth less than
the thickness of the first electrode layer.
7. The method of claim 1, wherein forming the first elec-
trode layer comprises:
sequentially forming a lower first electrode layer and an
upper first electrode layer on the semiconductor sub-
strate; and
selectively etching portions of the upper first electrode
layer until portions of the lower first electrode layer are
exposed, such that the non-etched portions of the upper
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first electrode layer protrude from unexposed areas of
the lower first electrode layer.
8. The method of claim 7, further comprising:
forming a liner metal layer on the lower first electrode layer
and the lower msulating layer after the lower first elec-
trode layer 1s formed, and
forming the upper first electrode layer on the liner metal
layer.
9. The method of claim 1, wherein
the first electrode layer comprises a material selected from
the group consisting of Al, Cu, W, Ti1, and TiN.
10. The method of claim 1, wherein
forming the dielectric layer comprises conformally depos-
iting the dielectric layer, and the dielectric layer com-
prises a material selected from the group consisting of
T10,, Al,O,,and SiN.
11. The method of claim 1, wherein
forming the second electrode layer comprises conformally
depositing the second electrode layer, and the second
clectrode layer comprises a material selected from the
group consisting of Ru, Pt, and TiN, and 1s formed to
show the surface shape of.
12. The method of claim 1, wherein
the etching comprises reducing a chamber pressure, apply-
ing a source power and a bias power to a plasma etching
apparatus, and plasma etching the sacrificial layer and
the first electrode layer using a chlorine source gas, a
boron source gas, and a fluorocarbon source gas.
13. The method of claim 12, wherein
the etching further comprises plasma etching the sacrificial
layer and the first electrode layer using an inert gas.
14. The method of claim 12, wherein the chlorine source
gas comprises Cl,, the boron source gas comprises BCl,, and
the fluorocarbon source gas comprises CH,F,, where y =1
and x+y=4.
15. A method of manufacturing a thin film capacitor, com-
prising:
forming a first electrode layer having protrusions and
depressions on its surface, on a lower imsulating layer on
a semiconductor substrate;
forming a reflowable sacrificial layer on the first electrode
layer;
retflowing the sacrificial layer;
removing the retlowed sacrificial layer and portions of the
first electrode layer to curve the protrusions on the sur-
face of the first electrode layer; and
sequentially forming a dielectric layer and a second elec-
trode layer on the first electrode layer.

G ex x = e
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